Formation of Heterocyclic Compounds. Part IV.
Interaction of Ethyl cycloHexanone-2-carboxylate with
Arylamines. Part I. Synthesis of Tetrahydro-
phenanthridones.

By HEMENDRA KuMAR SEN aAND Umarrasanna Basu.

In a previous communication by one of us (Sen and Mondal, J.
Indian Chem. Soc., 1928, 5, 609) it was shown that the generally
accepted notion of hydroxymethylene ketones being permanantly
enolised B-diketones, cannot be held as being sfrictly correct. Even
their sodium salts have been found capable of reacting with alkyl
iodides in both phases (loc. c¢it.). While interesting results sre
expected from a study of the intensities of absorption in keto-enol
equilibria, it was found necessary for the purpose of our work to
establish a reasonable chemical difference between pB-diketones and
hydroxymethylene ketones in condensation reactions, although the
inherent defect of the chemical method of handling equilibrium
mixtures cannot but be recognised.

In the present investigation the behaviour of ethyl cyclobexanone-
2-carboxylate (II) with aniline and substituted sanilines has been
studied. It is obvious that there are. two centres of reaction
with aniline botk in (I) and (II), namely at the acid part as also at
the ketonie group. In the case of (IT), the reaction of aniline at the
ester part would invariably give rise o an anilide (III), whilst in
the case of (I), both anilide (V) and anil (VI) may be formed ;—

H, H, H,
H, /\CO H2l/\co H,,/\CO
| H
H2 \ H2 CH H2
H, CH.OH H, \\ H, CO.NHR
C0.0C,H,
@ an {IIn)
H2 Hg Hg
H, /\|C.NHR H, /T:o H, /\CO
I
” H, \ N H N
2 A\
H, 00.00,H, ~H, CH.NHR . H, CH=NR

vy ) (V1)
R=An aryl group.



310 H. E. SEN AND U. P. BASU

A comparison of the absorption spctrg of the compound obtained
by the interaction of aniline and hydroxymethyliens cyclshexanone
with those of the aniline and anil of cyclohexanone carboxylate,
showed that the hydroxymethylene derivative is distinctly analogous
to the anil (IV). Further study in this direction is in progress.

Whilst the anilides (III) of the keto-ester gave a violet coloration
with aleoholic ferric chloride, neither the anil {IV) of the ester nor the
aniline derivative of the hydroxymethylene cyclohexanone gave any
coloration. This behaviour can be explained from their respective
stractural formule. Tt would be noticed that neither in (IV) nor in
(V) there is any labile hydrogen atom to enolise a keto group which
is at the bottom of ferric chloride reaction. This is further corro-
borated by the fact that the amount of absorption is far more in (III)
than in (IV) and (V) as should be expected from the enolic structure
of (ITT). Besides, the ortho-quinonoid structure of (V) would require
it to be coloured. As a matter of fact, it is a bright yellow compound
whereas (IV) is almost colorless.

The direct consequence of the absence of enolising hydrogen in
(V) may account for its inability to form ring compounds under the
influence of sulphuric acid. Repeated attempts to prepare (VII)
failed in our hands (¢f. Borsche, Annalen, 1910, 377, 70).*

On the other hand, the anilide (JIII) of ethyl cyclohexanone-2-
carboxylate, on being heated with concentrated sulphuric acid for s
short time, gives & good yield of the 5: 6: 7: B-tetrahydrophenan-
thridone derivative (VIII).
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*Thielepape (Ber., 1922, 85, 181), however, records two cases where inspite of
the presence of enolising hydrogen, ring closure could not be effected, In the light of
the present work, his experiments need repetition.
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As the tetrahydrophenanthridones form a new class of compounds,
they were synthesised from various anilides of ethyl cyclohexanone-
2-carboxylate. As a B-ketonic ester, ethyl cyclohexanone 2-carb-
oxylate may react in two ways giving rise to either (IIT) or (IV) (cf.
Conrad snd Limpach, Ber., 1887, 20, 944 ; 1891, 2%, 2990 ; Knorr,
Ber., 1883, 18, 2593 ; 1884, 17, 540; 1887, 20, 1397; Annalen,
1886, 236, 69 ; 1888, 248, 378 ; Knorr and Reuter, Ber., 1894, 27,
1169 ; Besthorn and Garben, Ber., 1900, 38, 3439 ; Dieckmann,
Annalen, 1901, 317, 91 ; Ewins and King, J. Chem. Soc., 1913, 108,
104 ; Thielepape, Ber., 1922, 55, 131. In order to obtain pure pro-
ducts on the one hand, and products of known constitution on the
other, the first step in this syntheses was to know the constitution
of the products of the reaction with the amines definitely. An anil
(IV) would give rise to a tetrahydroacridone derivative (IX) whereas
an anilide (ITT) would yield tetrahydrophenanthridone (VIII).

On heating ethyl cyclohexanone-2-carboxylate (1 mol.) with a
primary arylamine (1 mol.) at 190-200° for periods varying from 2
to 30 minutes at first a solid product is isolated which on purification
gives a violet coloration with an alcoholic solution of ferric chloride
indicating thereby the presence of an enolic group and as such point-
ing to the anilide (and not anil) constitution of the product. The
other reason which has lead us to the conclusion that this reaction
product is an anilide, is that the compound when dissolved in ¢on-
centrated sulphuric acid and heated for 20 minutes on a water-bath,
is trarsformed into a tetrahydrophenanthridone derivative. The
corresponding isomeric compound fetrahydro-scridone is known and
described by Tiedtke (Ber., 1909, 42, 631) as colorless needles, m.p.
258°. Our compound obtained from ethyl cyclohexanone-2-carboxy-
late-anilide crystallises in fine prismatic needles melting at 278°, It
would be important now to distil it with zine dust $o obtain phenan-
thridine itself. This will be undertaken as soon as the quantity of
material permits.

Tt may be mentioned here that many years ago Kotz and Merkel
(. pr. Chem,, 1809, (i), 79, 102) succeeded in transforming ethyl
5-methyl-cyclohexanone-2 carboxylate into its anilino-anilide deri-
vative (X) by boiling it with aniline. These authors also heated ethyl
cyclohexanone-2-carboxylate with smiline and cbtained a compound
which they described as ethy! 2-anilido-~\}-cyelohexene-1-carboxylate
(IV, R=Ph) melting at 20°. Reference may be made in this con-
nection to a compound described by Dieckmann (loc. cit.) whioh he
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obtained by heating ethyl 4-methyl.cyclopentanone-2-carboxylate
with aniline (2 mols.) and described it as an anilino-anilide (XT).
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But by working under the conditions described in the experi-
mental portion of this paper, no such compound was isolated whether
the ester was allowed to react with 2 mols. of aniline or with one
molecule. If instead of equimolecular proportions of the keto-ester
and a primary amine, 2 molecules of the latter and one molecule of
the former are heated above 150° for several hours, the product
separating from the liquid is a diaryl carbamide derivative whils$
the mother-liquor retains the anilide similar and identical in proper-
ties to the anilides obtained in other ways. The yield of the carb-
amide derivative varies between 30 and 50 per cent. of the weight of
the amine used (¢f. Oppenheim and Precht, Ber., 1876, 9, 1098),
The reaction in our case may be expressed as below:—
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In our experiments, the simultaneous formsation of the carbamide
derivative and the anilide would point to the conversion of the latter
into the former, a view also held by Knorr (Annalen, 1836, 236, 69)
who isolated diaryl carbamides by distilling the anilides.

All the tetrahydro-phenanthridones, described in this paper, are
crystalline solids of high melting points. They are insoluble in
alkali but dissolve in concentrated sulphuric acid giving colorless
golutions without fluorescence, from which they are again precipitat-
ed on dilutien with water,

Whilst generally high temperatures give rise to anilides, the
interaction of the keto-ester and the aryl amines at ordinary tempe-
rature yields the corresponding anils.* Thus p-amino-acetanilide
when reacted with the keto-ester in acetic acid solution yields a well
crystalline product which imparts no coloration to aleoholic ferrie
chloride. This fact and the analytical result prove it to be an anil.
Similarly by reacting the keto-ester with aniline, a product has been
isolated which melts at 57'5° and dées not give any coloration with
aleoholic solution of ferric chloride, This is also provisionally ac-
cepted es an anil. Further work to prove its constitution by con-
verting it info known tetrahydro-acridone (IX) (loc. cit.) is in pro-
gress.

EXPERIMENTAL,

Ethyl cycloHexanone-2-carboxylate and Aniline.

(i} Formation of cycloHexanone-2-carboxylate-anilide. (Formula
ITI, B=Ph).—TEthyl cyclohexanone-2.carboxylate (4 g.) and aniline
(2'2 g.) were heated under reflux at 185° for about half an hour in
an oil-bath. The mass after reaction was washed with dilute hydro-
chloric acid and taken up in ether. The ethereal solution, on drying
and evaporating, left a viscous liquid which, after several washings
with petroleum ether, yielded a granular solid. The substance was
crystallised by dissolving in ether and diluting the solution with
petroleum ether in which solvent the compound was insoluble.
(Found: N, 6'72. Cy3H, 402N requires N, 645 per cent.).

It melts at 104-105° and is soluble in most organic solvents and
to some extent in warm water, but it is insoluble even in strong

* The reaction between aniline and methyl benzoylacetate at 150°, however, for a
long time gives rise to a mixture of B.phenylamidophenylacrylic anilide (NHPb,
CPh :CH.CO.NHPh) and beunzoylacetic anilide (Ph.CO.CH,.CONHPh). (Enorr,
Annalen, 1888, 238, 378).
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caustic soda solution. In aleoholic solution it gives with ferrie
chloride o fine violet coloration, The anilide when heated with con-
centrated sulphuric acid for a few minutes on a water-bath, yields
tetrahydrophenanthridone (described below) on pouring the acid
solution into water.

(i1} Formation of Diphenylcarbamide.~—A mixture of ethyl cyclo-
hexanone-2-carboxylate (2 g.) and aniline (2'2 g.) was heated under
reflux on an oil-bath for 7 to 8 hours at 150-160°. Nexb day fine
needles (1'1g.) were collected. These crystallised from rectified
spirit in flaky needles, m. p. 235°. (Found: N, 1332, C,;H,;,0N,
requires N, 13'21 per cent.).

The identity of the compound was established by taking a mixed
melting point with diphenylearbamide.

(ii}) Formation of 5:6:7:8-Tetrahydrophenanthridone (VIII).—
The ester and aniline were heated in molecular proportion at 190°
for an hour. The liquid was then repeatedly washed with dilute
hydrochloric acid and then with petroleum ether for several times.
A viscous liquid was left behind. Without isolating the substance,
it was treated with concentrated sulphuric acid for 20 minutes at
the temperature of the boiling water-bath. The red solution was
poured into water when a white solid was obtained. It crystallises
from glacial acetic acid, diluted with a few drops of water, in fine
prismatic needles melting at 273°. (Found: N, 707. C,;;H,30N
requires N, 708 per cent.).

The substance is insoluble in alkali but dissolves in concentrabed
sulphurie acid forming a colorless solution without fluorescence, from
which it is precipitated unchanged on dilution with water. Ibs iso-
meric compound tetrahydroacridone (IX) was also prepared by heat-
ing cyclohexanone with anthranilic acid according to the method of
Tiedtke (loc, cit.). A mixture of this and our compound melted at
255°.

Ethyl cycloHezanone-2-carboxylate and p-Toluidine.

(i) Formation of Di-p-tolylcarbamide.—The ester (2 g.) and p-
toluidine (2'5 g.) were heated together for 7 hours at 160°, the carba-
mide derivative separating after 3 hours’ heating (yield, 1 gm.). It
crystallises from rectified spirit in flakes nﬁelting at 260°. (Found:
N, 11'88. C,sH, 30N, requires N, 11'66 per cent.).

{ii) Formation of cycloHezanone-2-carboxylate-p-toluidide. (For-
mula 111, R=p-Tol).—The di-p-tolylcarbamide obtained by heating
a mizture of the ester (2 g.) and p-toluidine (2'5 g.) at 160° for 3
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hours was filtered off. The mother-liguor was then washed with
dileéte hydrochloric acid, and on scratching the residual liquid, a
solid was obtained. This was filtered and washed with petroleum
ether and dried. Its ethereal solution being once treated with
animal charcoal was allowed to evaporate. The ecrystals thus
obtained were washed with petroleum ether when they melted at
108-109°. (Found: N, 646, C,,H,;0.N, requires N, 608 per
cent.).

The substance is insoluble in alkali; in an salcoholiec solution, it
gives with ferric chloride a violet coloration.

(ii)) Formation of 3-Methyl-5:6:7 :8-tefrahydrophenanthridone -
A molecular proportion of the ester (2 g.) was mixed with the mole-
cular proportion of p-toluidine (125 g.) and the mixture was heated
for 2 minutes at 192-193° on an oil-bath. The red ligquid obtained
was washed with dilute hydrochloric acid when, on scratching, a
solid was isolated. It was filtered, dried and washed with petroleum
ether. The substance thus obtained {1'1 g.) on crystallisation
melted at 108°. The mixed m.p. of this with that previously ob-
tained was also 108°, It gave the usual color reaction with ferrie
chloride and was insoluble in alkali.

The toluidide thus obtained was dissoived in concentrated sul-
phuric acid (3 c.c.) and the solution was heated on a boiling water-
bath for 20 minutes, and then poured into water (40 c.c.) when a
white erystalline solid separated out. The yield was quantitative.
The substance ecrystallises from glacial acetic acid diluted with
water in fine prismatic needles, melting at 286-288°. (Found: N,
668. C,,H,;0N requires N, 6'57 per cenf.).

The compound gives no color reaction with ferric chloride and is
insoluble in alkali but dissolves in concentrated sulphuric acid form-
ing a colorless solution without flourescence,

Ethyl cycloHexanone-2-carbozylate and m-Xylidine (asymmetric).

(i) Formation of Di-m-zylylearbamide.—A mixture of the
ester (2 g.) and xylidine (2'8 g.) was heated for 43 hours at 180°
when about 1 g. of the condensation product was obtained. The
carbamide began to separate after 13 hours’ heating. Crystallising
from alcohol ib melted at 262°. (Found: N, 10°65, C;,H,ON,
requires N, 10°45 per cent.).

() Pormatlon of cycloHexanone-2-carbozylate-m-zylidide.—A
mixture of the ester (4 g.) and xylidine (57 g.) was heated under
reflux for 4} hours at 170-180°. The solid separated was filtered

21
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off. .iuo filtrate was washed with dilute acid when on scratching
the residual liquid a solid was isclated. It was collected and washed
with petroleum ether. Yield 2 gms. It was crystallised from
methyl alechol with the addition of animal charcoal. Recrystallised
from the same solvent with a few drops of water, it melted at
125-126°, (Found: N, 5°88. CysH;30,N requires N, 571 per
cent,),

This xylidide is a well erystallised substance, insoluble in alkali
and aikaline carbonate; on boiling the solution, however, the sub-
stance goes readily into solution in the former but with difficulty
in the latter. In alcoholic solution it gives with ferric chloride a
violet coloration.

(i) Formation of 1:8-Dimethyl-5:6:7:8-tetrahydiophenanthri-
done.—A mixture of ester (2 g.) and the xylidine (1'42g.) was
rapidly heated up to 200° for 2 minutes. On cooling a solid mass
was obtained. It was washed with dilute hydrochloric acid and
then with petroleum ether (yield, 1 g.). It melted at 128°. The
mixed m.p. of it with the anilide previously obtained is 124-125°.

The anilide (1 g.) on usual treatment with sulphuric acid gave
0'9 gm. of the phenanthridone, m.p, 270-71° (from glacial acetic
acid). (Found: N, 629. C,;H,,ON requires N, 6'17 per cent.).

The substance is soluble in concentrated sulphuric acid without
any coloration and flourescence.

Ethyl cycloHexanone-2-carboxylate and B-Naphthylamine.

() Formation of Di-B-naphthylcarbamide.—The ester (2 g.) was
heated with 8-naphthylamine (3'8 g.) at 170° for three hours. The
crystals separated were filtered oft and washed with ether, Yield 0°8
gm. The expected B-dinaphthylearbamide was crystallised from
amyl acetate when it melted at 301-302°.

(i) Formation of eycloHexanone-2-carboxylate-B-naphthylamide.—
The filtrate from the above reaction was treated with dilute hydro-
chloric ‘acid and the solid (2'5 g.) separated was collected. It was
washed with petroleum ether and crystallised from alcohol using
animsal charcoal. IReecrystallised from the same solvent, it melted
at 149°. (Found: N, 538. C;,Hy;0,N requires N, 5'24 per
cent.).

1t is insoluble in sodiurn carbonate solution, and in aleoholic
solution it gives with ferric chloride the usual violet coloration.

(@) Formation of 3:4-Benzo-5: 6: 7: 8-tetrahydrophenanthri-
done.—A mixbture of the ester (2 g.) and B-naphthylamine (1°7 g.)
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was heated at 205° for 2 minutes. ‘The viscous mass obtained was
repeatedly washed with hot benzine when about 1'1 g. of the
substance (m.p. 145°) were obtained. The mized m.p. with that
previously obtained was 148-149°. Tt also gave the usual chemical
reactions.

From 1 gm. of this substance 8: 4-benzo-5: 6: 7:8-tetra-
bydrophenanthridone was obtained by the usual method (yield,
0'7 gm.). It crystallises from glacial acetic acid diluted with a few
drops of water; m.p. 291°-292°. (Found: N, 5°70. C,,H;;ON
requires N, 5°62 per cent.).

EBihyl cycloHexanone-2-carboxylate and o-Naphthylamine.

({) Formation of Di-a-naphthylcarbamide.—The ester (2 g.) and
the amine (84 g.) were heated together at 170-180° for 3 hours,
the solid separating even after half an hour. The mass was cooled
and repeatedly washed with boiling alecohol tec remove any un-
changed a-naphthylamine. The residue was erystallised from amyl
acetate in which di-a-naphthylcarbamide was somewhat soluble. It
melled at 283°. (Found: N, 9'17. Cy3,H;,ON, requires N, 897
per cent.).

Ethyl cycloHezanone-2-carboxylate and p-Aminoacetanilide.

(@) Formation of cycloHexanone-2-carboxylate-p-acetaminoanilide.
(Formula III, R="C;H,NHAc (para).—A mixture of the keto-
ester (4 g.) and p-aminoacebanilide (3'6 g.) was heated at 185-
190° for about half an hour when a thick sludge was obtained.
On rubbing the mass with dilube hydrochloric acid, a sclid (about
3'6 gm.) was isolated. It crystallises from dilute aleohol in fine
crystals melting at 182'5°. (Found: N, 10°04. C,;H,403;N; re-
quires N, 10°2 per cent.).

The substance is soluble in boiling caustic soda solution and
gives with ferric chloride in alcoholic solution .the character-
istic violet coloration of the anilides. Here it should be noticed
that the first product separating from the reaction mixture is the
anilide itself and the yield is about 55-60 per cent. of the theory.

(i} Formation of Ethyl 2-p-Acetaminoanilido-al-cyclohexene-
l-carbozylate. (Formula IV, R='CyH, NHAc (para).—Mole-
cular proportions of the keto-ester and p-sminoacetanilide were
taken in glacial acetic acid solution and the flask being corked
was left overnight. Next day a beautiful crystalline compound was
found. This was collepted and the mother-liquor, on concentration
and afterwards dilution with water, gave another crop of the same
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subgtance (total yield, about 40 per cent.). The substance crystallises
from alcohol in small glistening flakes. As the substance and the
solution were found to be colored, the latter was twice treated with
snimal charcoal, but the final product still retained a light yellow
tinge. (Found: N, 9°5. Cy,H,30;3N, requires N, 9°27 per cent.).

This compound melts at 191°5°, and imparts no coloration to
alcoholic ferric chloride. A mixture of this with the anilide (m.p.
182°'5°) melted at 159°.

Bthyl cycloHexanone-2-carboxylate and Aniline.

(i) Formation of Ethyl 2-Anilido-A1-cyclohezene-1-carbozylate
(IV, R="Ph).—The keto-ester (8 g.) and the aniline (4'4 g.) were
mized together and left overnight. Next day the mixture was found
to be turbid owing to the separation of water. The flask was left for
3 days in & vacuum over fused calcium chloride. Fine crystalline
solid began to separate. After a week the contents set to a hard
mass which was collected and dried over porous plate (10'5 gm.).
It crystallises from methyl aleohol in prisms with a very light yellow
tinge and melts at 57°5° (sharp). The mized m.p. with the corres.
ponding anilide previously obtained was 54°. Tt gives no coloration
with alcoholic ferric chloride. It dissolves in ether, alcohol and
even in petroleum ether in which the corresponding anilide is in-
soluble.

The compound is provisionally regarded as a compound similar
to that described by Kotz and Merkel (loc. cit.) who, however,
recorded a melting point of 29°.
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